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Introduction

Literature review and statement of the problem
Children with autism spectrum disorders (ASD) present unique skill deficits in communication that require specialized, intensive intervention [1] . Research and educational policy emphasize the importance of using evidence-based interventions to address skill deficits (20 U.S.C 1414 §614, p. 118) . Much of the research on interventions for individuals with ASD has been evaluated using single-case research designs. To assist in determining what constitutes evidence-based practises, researchers have developed guidelines and quality standards for designing and evaluating single case experimental studies [2, 3] .
Evaluating the evidence base for an intervention requires aggregating results from numerous studies, in this case, single-case research studies, in order to examine the quality of research and the effectiveness of the intervention on the target outcomes. To facilitate the evaluation of single-case research, recent developments in the use of meta-analysis to aggregate and evaluate a body of single case research have been made [4] . Meta-analysis is a particularly useful methodology for determining for whom, in what contexts, and dependent on what intervention variables particular interventions are effective. Answers to these questions are essential not only for moving the field forward, but for guiding practitioners as they make critical decisions about the education and treatment of individuals with ASD [5] . Having information Running Head: AGGREGATE STUDY ON AAC about the characteristics of students who are likely or unlikely to benefit from a specific intervention may facilitate students receiving effective interventions more effectively and efficiently than in the traditional trial-and-error method. Additionally, knowing if research has shown an intervention to be successful in a given environment can inform practitioners as they consider what interventions to put in place in various learning contexts. Finally, having research support for whether a particular intervention is likely to produce the desired changes in targeted student outcomes could increase the efficiency and effectiveness of the intervention selection process. Addressing these issues is particularly relevant with respect to the use of augmentative and alternative communication (AAC) for students with ASD.
AAC refers to a continuum of communication supports for individuals who lack functional speech [6] . Such supports may function to facilitate, or augment, the intelligibility of an individuals' speech or in some cases may provide an alternative means for the individual to communicate. AAC is divided into two categories: unaided and aided [7] . Unaided AAC does not require the use of any additional resources that are not already present within the individual.
Examples include manual sign or gestures. One benefit of the use of unaided AAC is that the individual is always in possession of the tools needed to communicate. Therefore, they always have the means of attempting communication. A drawback to the use of unaided AAC is that the listener may not be familiar with manual sign or specific gestures, which may result in a communicative breakdown [8] . Unaided AAC may also present unique challenges for students with ASD, as many present with fine motor, and motor imitation difficulties [9] .
On the other hand, the use of aided AAC has been shown to be successful in promoting functional communication for students with ASD [10, 11] . Aided AAC involves the use of supplemental materials or equipment to improve an individual's functional communication [7] . effects [19, 20] . For example, Flippin, Reszka, and Watson [14] assessed the effects of PECS on communication skills for children with ASD and found small to moderate effects for young children. Tincani and Devis [21] had similar findings and additionally reported that PECS was found to be effective across settings. However, comparisons of the effects of PECS versus other aided AAC systems was not evaluated and because effect sizes were calculated using percent of non-overlapping data [22] , which does not provide confidence intervals, the reader is left without a means to determine the level of confidence in the results and without a means to make comparisons regarding moderating variables [23, 24] . PECS has also been evaluated for use with individuals with ASD in a meta-analysis using the improvement rate difference (IRD) effect size measure, which found that PECS had a greater impact on functional communication than other outcomes (i.e., challenging behaviour, speech, and academic skills), had a greater impact on functional communication in preschool-aged children than others, and was most effective with students who had completed the most phases of PECS instruction [25] . Although these articles provided valuable information regarding the efficacy of PECS, they did not provide information regarding comparisons between types of aided AAC and most did not provide information regarding settings in which PECS was found to be more or less effective.
Running Head: AGGREGATE STUDY ON AAC SGDs are another commonly used form of AAC for students with ASD. An SGD is a portable electronic device that produces a pre-recorded or digitized verbal message [6] . An individual can use an SGD to request, to label or comment, to ask questions, or to answer questions [26, 27] . Traditionally, SGD have been self-contained, electronic devices whose sole purpose was to produce verbal speech output. Recently, however, the use of SGD applications on tablet computers has become a common practice for students with developmental disabilities [28] (Kagohara, et al., in press) . One literature review has focused on the use of SGDs with children with ASDs [29] . They found communication intervention was provided to children between the ages of 3 and 16 years and was most often conducted in school settings, though some studies took place in participants' homes or in a community or hospital setting. However, their review was narrative in nature; thus, it did not provide effect size measures or identify variables that may have moderated intervention effects.
Several meta-analyses have investigated the effects of the use of aided AAC with individuals with ASD. Two [30, 31] investigated the impact of AAC on speech in children with autism, using PND. They found that AAC may have moderate impacts on speech in some children. More recently, two meta-analyses used the improvement rate difference (IRD) [4] effect size to investigate the use of aided AAC with individuals with ASD [11, 32] , including investigation of differential effects of AAC based on disability category and age [11] . IRD has several advantages over PND and other single-case effect sizes, including the availability of confidence intervals via which to make comparisons and determine the precision of the IRD scores [4] . These studies demonstrated that AAC has overall strong effects on outcomes for individuals with ASD and, when differential effects on dependent variable categories were investigated, very strong effects were found for communication skills, which were significantly Running Head: AGGREGATE STUDY ON AAC higher than effects for social skills and challenging behaviours, though still moderate to strong effects were found in those areas [11] . Further, Ganz, Earles-Vollrath, et al. [11] made overall comparisons across types of AAC, finding stronger effects for SGDs and PECS than for other picture-based AAC. That is, overall AAC effects on categories of outcomes have been evaluated and effects of individual types of AAC on overall outcomes have been investigated, but differential impacts of individual types of AAC on individual categories of dependent measures have not been investigated in fine detail.
None of the previous AAC meta-analyses have evaluated the potential moderating effects of the setting in which the AAC intervention was implemented. Contextual factors can vary considerably from one educational setting to another. For example, in a self-contained special education classroom for students with autism, there is typically a lower student to teacher ratio which may facilitate the exchange of pictures, or the audibility of an SGD. In a larger general education communication attempts with AAC may be more difficult for listeners to attend to, or reinforce. Determining if setting moderates the effect of the AAC intervention is important to consider when designing and planning for intervention.
Purpose and research questions
The purpose of this aggregation of single-case research is to provide insight regarding moderators of the effects of aided AAC on individuals with ASD; particularly in regard to setting, type of AAC, and outcome variables. Research questions include: (a) is setting (e.g. 
Procedures
Each piece of literature found was assessed; two independent raters evaluated 72% of the items. The following criteria, based on Ganz, Earles-Vollrath, et al. [11] , were considered for each item: (a) included at least one participant with an ASD diagnosis (i.e., autism, PDD-NOS); (b) outcomes measured included academic skills, challenging behaviour, communication skills, and/or social skills; (c) aided AAC interventions were investigated as an independent variable; (d) single-case research designs that demonstrated experimental control (e.g. reversal, multiplebaseline, alternating treatment) were included; (e) line graphs were provided; (f) documents were research articles published in refereed journals; and (g) documents were in English. Documents that failed to meet all of the inclusion criteria were excluded.
Running Head: AGGREGATE STUDY ON AAC Disagreements regarding inclusion criteria were handled either by having a third reviewer rate the document, resulting in a determination based on the majority of the raters, or in discussion between the two raters until consensus was reached. Excluded documents were primarily dissertations, journal articles that were not reports of research, and research designs that were not experimental (e.g. A-B designs); three additional articles were later excluded due to a lack of baseline data with which to compare intervention effects, the independent variable was a combination of AAC and speech instruction, and for one article, a more thorough reading lead to the discovery that the research design was not experimental. Once articles were selected for inclusion, a manual search of the references of those articles was conducted to search for additional articles meeting the inclusion criteria. Thirty-five articles met the final inclusion criteria and were evaluated via meta-analytic procedures.
Data extraction
The included articles were coded based on study characteristics. For the purposes of this meta-analysis, articles were coded for setting in which AAC was implemented, type of AAC implemented, and type of outcome variable measured. Levels of the setting moderator coded included home; general education classroom (including settings that were 'integrated', or had multiple students with disabilities and multiple general education students); special education classroom; therapy room; hospital; outdoors; and varied (i.e., the study noted that the settings fit many of the above levels and data could not be separated into a single level). Categories of type of AAC included PECS, SGDs, and other picture-based AAC. Categories of outcome variable included communication skills (e.g. using the AAC device independently, speaking), social skills (e.g. play, social approach), academic skills (only spelling was evaluated in the included studies), and challenging behaviours (e.g. tantrums, crying).
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Effect size analysis
The single-case effect size, the Improvement Rate Difference (IRD; Parker, Vannest, & Brown, 2009 ) was used to measure the effect, or magnitude of change, between baseline and intervention (generalization and maintenance data were excluded). IRD provides a metric of the effects, or change in magnitude, that is differences, between data scores in baseline versus intervention. Parker et al. (2009) 
Inter-rater agreement for IRD calculations
Each of the included studies had more than one IRD score, due to the inclusion of multiple clients, conditions, or outcome variables. Altogether, there were 274 individual IRD scores. Fifty-three percent of the IRD cells (number of high and low data points for baseline and intervention phases) were calculated by two independent raters. Overall inter-rater agreement (number of agreements divided by the total number of IRD scores, multiplied by 100) resulted in an inter-rater agreement of 88%. Ratings were compared within the first 20 calculations and disagreements were discussed by both raters and recalculated until agreement was reached for 100% of the scores. These disagreements were due to crowded graphs that were hard to interpret and rater counting errors. Although some articles reported implementing AAC in a hospital or outdoor setting, these were excluded from the analysis because they resulted in only 2 and 4 IRD scores, respectively, which is too few to draw conclusions. Further, studies for which varied settings Running Head: AGGREGATE STUDY ON AAC were indicated without clarification regarding which data points were implemented in which settings were also excluded from the comparative analysis because the category is too broad and has too much overlap with the other categories to be useful for comparison purposes.
Results
Differential effects moderated by setting
Differential effects of three types of AAC on categories of outcome variables
Types of AAC were broken down by effects on categories of outcome variables to determine whether or not particular AAC interventions are more or less effective on particular 
Discussion
The purpose of this meta-analysis was to identify factors, specifically (a) setting, and (b) differential effects of specific types of AAC on specific categories of targeted outcomes for participants with ASD. Despite the extant literature base on this topic, including several recent meta-analyses [11, 30, 31, 32] , exploration of these factors has not previously been addressed. This study addressed these gaps in the literature base, providing further information regarding specificity of effects necessary for making contextual implementation decisions and choosing the most appropriate AAC intervention for the targeted outcome being addressed.
The first research question addressed whether the setting in which the AAC intervention is carried out differentially impacts the magnitude of effect on targeted outcomes. Although moderate to strong effects were obtained for all settings, including home, general education classroom, special education class, and therapy room, results indicated that setting does moderate the effectiveness. AAC interventions implemented in the general education setting yielded the strongest effects. Given that students with ASD integrated into a general education setting are typically higher functioning, these differential results may be more indicative of the skill level of the participants receiving the AAC intervention in the general education classroom than the impact of the setting itself. Additionally, the general education environment may be more conducive to interactions given the larger number of peers, which provides more opportunities for communication and potentially an increased motivation to communicate. These results were promising as they indicated AAC to be effective across educational settings. Further, the results Running Head: AGGREGATE STUDY ON AAC indicated AAC to be an efficacious communication support in the general education environment, potentially facilitating successful academic and social inclusion.
Considering types of AAC, this meta-analysis also sought to determine if type of AAC (i.e., PECS, SGDs, or other picture-based AAC) differentially impacted effects by category of targeted outcomes, specifically communication, social skills, academics, and challenging behaviours. Results indicated that targeted outcomes did moderate the magnitude of change both within and across types of aided AAC, specifically PECS, SGDs, and other picture based AAC interventions. Results indicated PECS to be more effective for addressing communication and social skills than for challenging behaviours, consistent with previous meta-analysis [25] , whereas SGDs were found to be equally effective for addressing communication skills and challenging behaviours. As noted by Ganz, Davis, et al. [25] , this is not surprising as PECS specifically aims to improve functional communication, which likely directly impacts communication and social skills and indirectly impacts challenging behaviours, yielding a smaller, though not insignificant, magnitude of change. Impact of PECS on academic skills and SGDs on social skills was not available due to the limited research utilizing these types of AAC for the specified skill. Results did indicate SGDs to be less effective for addressing academic skills than challenging behaviours, although this must be viewed with caution given the limited number of IRD calculations. Likewise, other picture based AAC interventions were found to be more effective for challenging behaviour than for addressing communication skills, however, given the limited number of study this must also be interpreted with caution.
Beyond the effectiveness of each type of AAC for specified targeted outcomes, the strongest impact of this study is the guidance provided for choosing the most appropriate aided AAC for the skill being addressed. Results indicated other picture-based AAC interventions were Running Head: AGGREGATE STUDY ON AAC less effective than PECS and SGDs for enhancing communication skills. At the time of this review, PECS was the only aided AAC intervention with substantial evidence for evaluating effects on social skills and results indicated a strong impact. Likewise, SGD interventions were the only aided AAC interventions with enough evidence for evaluating the magnitude of change on academic skills, yielding moderate change. Both SGDs and other picture-based AAC interventions were more effective for intervening with challenging behaviours than PECS for studies that met inclusion criteria, keeping in mind that this must be interpreted with caution due to the limited number of studies contributing to this comparison.
As is common with meta-analytical research, this study does present some limitations.
Primarily, each aggregated IRD is comprised of a small number of obtained IRDs, particularly when broken down by categories and further desegregated based on combination of categories.
Thus, the results must be viewed with caution and conclusive statements cannot be made. The second limitation is the meta-analysis is comprised of only published results; studies with less favorable results are unlikely to be included [33] .
This study also assists in identifying areas in need of further exploration. More research to address the impact of PECS for directly enhancing academic performance is warranted.
Likewise, more research exploring the utility of both SGDs and other picture-based AAC interventions for improving social skills is necessary to determine if these are viable intervention options. Additionally, exploring what intervention components, including with aided AAC as part of an intervention package, enhance the impact on targeted outcomes would provide further information for maximizing the benefits of these interventions for participants with ASD. 
